ABSTRACT This study investigated the effect of 2 different dietary amino acid treatments and feed restriction in early life versus a control treatment on development of the small intestine segments (weights), mortality, and broiler performance. Each treatment was applied to 6 cages with Ross 308 male broilers and to 6 cages with Cobb 500 male broilers with 24 birds per cage. A control treatment (100% ideal protein) was compared with a treatment with 30% extra ideal protein, a treatment with daily adjustment of the dietary amino acid level and profile, and a feed restriction treatment. The protein treatments were applied from 0 to 14 d of age. The feed restriction was applied from 4 to 21 d of age. Restriction was 15% from d 4 to 14 of age and diminished with equal daily steps thereafter to 5% at 21 d of age. Birds were weighed and dissected for evaluation of small intestine weights at 6, 9, 14, and 36 d of age. Feed intake restriction reduced leg problems in Ross and Cobb broilers. Extra dietary protein reduced leg problems in Ross broilers only. The present experiment does not show that small intestinal weight development is related to mortality. Thirty percent extra dietary ideal protein increased duodenum weight between 6 and 9 d of age. This was not further increased by the daily optimization of the dietary amino acid level and profile. The increased duodenum weights coincided with an improved BW gain. This indicates that duodenum weight may be important in facilitating BW gain in young broilers. Thus, it may be worthwhile to pay more attention to the relation between nutrition and duodenum weight and duodenum function in further studies.
INTRODUCTION
The growth rate of broilers has increased considerably over the last decades. As a side effect, broilers have become more susceptible to metabolic disorders than in the past (Moghadam et al., 2001; Deeb et al., 2002; Julian, 2005) . Baghbanzadeh and Decuypere (2008) stressed that particularly growth reduction of broilers in early life is very effective in reducing metabolic disorders. It has been suggested that early embryonic (Schmalhausen, 1930) or posthatch (Ricklefs, 1987) organ development is important for growth and for organ functioning. From this, we hypothesized that the basis for metabolic disorders lies in early life when relative growth rate is at its maximum. The development of the small intestines in birds occurs rapidly. They increase from 2 to 8% of the BW from 0 to 8 d of age (Sklan, 2001) . It is known that organs develop in concert with the needs of the body. The increase at d 8 indicates a high metabolic activity of the small intestine and this is indicative of the high importance of this organ for young broilers. Amino acids (AA) are both energy sources and building blocks for the small intestine. They are very important for optimal development of the small intestine. There are very few studies on the AA requirements of very young broilers, especially with regard to intestinal development. It has been shown that dietary protein quality (AA profile) and its level can affect gene expression of transporter proteins in the small intestines (Chen et al., 2005; Gilbert et al., 2008) . As a consequence, suboptimal dietary levels may suppress gut function. We hypothesized that optimal AA nutrition in the starter diet will improve intestinal development and its capacity in digestion and absorption of nutrients from feed.
Our previous studies demonstrated that increased dietary AA levels in early life also improve BW gain in consecutive phases (Wijtten et al., 2004) and that early life feed intake restriction decreases mortality rate (Wijtten et al., 2008) . The present study was specifi-cally designed to investigate the effect of these treatments on small intestine and heart weight development in addition to the effects on performance and mortality. When these treatments affect organ weights, this may be used as an indication that organ function also is affected. Subsequently, more sophisticated studies can be designed to evaluate the effects on organ functionality. In previous studies, it was shown that performance responses to dietary AA treatments (Sterling et al., 2006) and also mortality (Berhe and Gous, 2008; Wijtten et al., 2008) can differ largely between Ross and Cobb broilers. Therefore, in the present study, we included both breeds.
MATERIALS AND METHODS

Birds and Housing
The experiment was performed in a broiler unit that consisted of 2 rooms with 24 cages each. Birds were housed in battery cages, which were 1.1 m 2 each and had a raised wire floor. Water was provided ad libitum, whereas feed was either provided restricted or ad libitum according to treatments as shown in Table 1 . Temperature, RH, and ventilation were automatically controlled. Temperature decreased by 2.5°C per week, from 34°C at the day of arrival (1-d-old chicks) to a final temperature of 21.5°C at 36 d of age. Lights were on 23 h/d. Birds were spray-vaccinated against Newcastle disease at 9 d of age. The experimental methods were approved by the Ethical Committee of the Animal Science Group of Wageningen University and Research Centre, Lelystad, the Netherlands.
Eight hundred 1-d-old Ross 308 and 800 Cobb 500 male chicks were purchased from a commercial hatchery and weighed individually. Ross 308 chicks weighing between 38 and 46 g and Cobb 500 chicks weighing between 40 and 48 g were each randomly assigned to a cage. Chicks outside of these weight ranges were not used in the trial. Breeds were equally divided over the 2 rooms with 3 cages per breed by treatment combination in each room. The experiment commenced with 24 chicks per cage. The average initial weight in each cage was 43 g/chick for Ross 308 and 44 g/chick for Cobb 500.
Experimental Design and Diets
In this experiment, the effects of 4 dietary treatments were studied in 2 broiler breeds (Ross 308 and Cobb 500) according to a 4 × 2 factorial arrangement. The 4 dietary treatments were applied in the starter phase and partly in the first week of the grower phase ( Table  1) . The experiment was divided in a starter phase (0 to 14 d of age), grower phase (14 to 30 d of age), and a finisher phase (30 to 36 d of age). The control (CONTR) treatment (100% ideal protein, IP) met the Lys recommendations according to Schutte (1996) . These recommendations are 10.5, 10.2, and 9.9 g of apparent fecal digestible Lys/kg in the starter, grower, and finisher diets, respectively. This corresponds, respectively, to 11.0, 10.7, and 10.4 g of true fecal digestible Lys if it is taken into account that endogenous Lys losses are 0.5 g/kg of feed (CVB, 2005) . The profile of Mack et al. (1999) was applied for the other AA, being a ratio to Lys of 0.75 for TSAA, 0.63 for Thr, 0.19 for Trp, 0.71 for Ile, 0.81 for Val, and 1.12 for Arg. In the second treatment, the dietary IP level of the starter diet was increased by 30% (130IP, 13.7 g of apparent fecal digestible Lys/kg) compared with the CONTR treatment and remaining similar ratios among all AA. The IP was increased by increasing the content of all high-protein raw materials (soybean meal, fish meal, soybean isolate, corn gluten meal, and potato protein) at the expense of corn (Zea mays). This ensured that Trp, Ile, Val, and Arg met or exceeded 130% of the recommendations. Subsequently, Lys, TSAA, and Thr were set at 130% of the recommendations with synthetic AA. This 130IP treatment showed significantly more weight gain in previous experiments compared with the 100% IP treatment (Wijtten et al., 2004) . For the third treatment, the dietary CP level and AA profile were optimized (OPT) based on data of a preliminary study (Table 2) , our own calculations, and data from literature. This is described in more detail in Table 3 . The calculations resulted in daily CP and AA formulation targets for d 0 to 14 (Table 4) . Changes in dietary CP and AA composition for the OPT treatment were realized in the same manner as for the 130IP diet. For the fourth treatment, feed intake of the birds was restricted (RES , Table  1 ) based on a previously tested program (Wijtten et , 2008) . This showed that 15% feed restriction from 4 to 14 d of age and thereafter gradually diminishing this restriction to 5% at 21 d of age reduced mortality markedly. Feed intake restriction was based on the feed intake of the CONTR groups (per breed) on the previous day and an estimated increase in daily feed intake based on our preliminary study ( Table 2 ). The feed of the RES birds (same diets as the CONTR treatment) was provided once per day between 0800 and 0900 h. This resulted in a period of 4 to 6 h/d without feed during the first week of the restriction that decreased to no or almost no time without feed at the end of the restriction phase. After the starter diets (fed until 14 d of age), the birds of all treatments switched to the grower diet (from 14 to 30 d of age) and to the finisher diet (from 30 to 36 d of age).
Before the preparation of the experimental diets, batches of soybean meal, soybean isolate, corn gluten meal, fish meal, and potato protein were analyzed for AA content (Schram et al., 1953; Moore, 1963; Slump and Schreuder, 1969) In addition, these ingredients and the corn and wheat were analyzed for N (Dumas, Sweeney, 1989) and DM content (103°C for 4 h). Based on the analyzed values and digestibility figures and nutrient contents derived from CVB (2005), the different experimental diets were formulated (Table 5 ). All diets were composed to be isocaloric with regard to AME n within each phase and adequate in all nutrients. For the CONTR diets and the 130IP starter diet, the ratios between digestible Lys and all other indispensable digestible AA met or exceeded the recommendations of Mack et al. (1999) . Diets for d 4 through 10 of the (Wijtten et al., 2004) , we assumed that the dietary CP and indispensable amino acid (AA) content for maximal growth is well established in 28-d-old broilers. Based on this, the assumption was that at this age, the dietary Lys recommendations of Schutte (1996) + 10% are sufficient to maximize growth. 2
In the above trial (item 1), the AA profile of Mack et al. (1999) was applied and all diets exceeded the recommendations for His, Leu, and Phe + Tyr of Han and Baker (1993) . 3
We predicted daily empty gain (gain minus yolk and gut fill) and daily feed intake based on a preliminary experiment with male Ross 308 broilers in our own research facilities ( Table 2 ). In that experiment, feed intake was determined daily until 14 d of age and weekly afterward. 4
Daily CP gain was estimated based on the daily empty BW gain of the preliminary study (item 3) and the CP content of carcasses calculated based on equations from Sklan and Noy (2005) . 5
Requirements for indispensable AA and CP intake at 28 d of age were based on the estimated feed intake at that day in the preliminary study (item 3) and the estimated optimum dietary CP and AA compositions based on items 1 and 2. 6
To estimate the indispensable AA and CP requirement for CP gain, the maintenance requirements for CP and indispensable AA based on literature (Leveille and Fisher, 1958 , 1959 Baker et al., 1996; Edwards et al., 1997 Samadi and Liebert, 2006; Kebreab et al., 2008) were subtracted from the total AA and CP requirements (item 5). 7
Based on items 5 and 6, the CP and indispensable AA requirements per gram of CP gain and for maintenance are available and daily requirements were calculated based on CP gain (item 4). 8
Amino acid digestibility is lower during the first 10 d posthatch compared with older broilers (Noy and Sklan, 1995; Batal and Parsons, 2002b) . 9
Based on daily indispensable AA and CP requirements (item 7) and predicted daily feed intake (item 3), the dietary AA and CP content were calculated.
OPT treatment were intermediate diets of the d 3 and d 11 through 14 diets and were blended at the production plant at different ratios before pelleting (Table 5 ). All diets were pelleted (2.5 mm) with steam addition. All diets were analyzed for N (Dumas, Sweeney, 1989) , crude fat (AOCS Am 5-04), Ca, and P (both inductive coupled plasma-atomic emission spectrometry) content. The AA composition of the diets was calculated from analyzed composition of the ingredients before composing the diets and was not analyzed after preparation of the diets. The diets were prepared in a plant specialized in the production of experimental diets (Research Diet Services, Wijk bij Duurstede, the Netherlands), and the quality standards at this plant ensured that the diet composition was as formulated.
Data Collection
For each cage, all birds were weighed individually at 0, 3, 6, 9, 11, 14, 21, 30 , and 36 d of age and weight gain for each phase was calculated per cage. In addition, feed consumption for each cage was determined at the time of weighing. Based on gain and feed consumption, G:F was calculated as grams of live weight gain per gram of feed consumed. Every dead or culled bird during the experiment was dissected to determine the reason for mortality or disease.
Two birds per cage (chosen at random) were dissected to determine the weights of various organs at 6, 9, 14, and 36 d of age. The birds were weighed and killed (by decapitation) without previous feed deprivation (fed birds). Subsequently, they were dissected and the empty weights of the duodenum (duodenal loop), jejunum (end duodenum to Meckel's diverticulum), ileum (Meckel's diverticulum to the ceca), and the heart weight were measured. The intestines were emptied by gently squeezing out the content. The organ weights were calculated as percentage of the fed metabolic BW (BW 0.75 ). Five additional birds per cage (chosen at random) were deprived of feed (for 8 to 12 h) at 36 d of age and were slaughtered the next day. The birds were successively weighed, killed, bled, and feathers were removed. After removal of the feathers, the birds were excised. The weight of the carcass (whole bird without feathers, blood, organs, intestines, head, and legs below the hock) was measured. Carcass yield was determined and calculated as percentage of the feed-deprived bird weight (whole bird weight before slaughtering). In addition, the breast weight (pectoralis major, pectoralis minor, sternum, and clavicle) and the abdominal fat pad weight (including fat surrounding the gizzard) were measured and their yields were calculated as percentage of the carcass weight.
Statistical Analyses
All data (except mortality) were subjected to ANO-VA according to the following statistical model:
where Y = variable; µ = overall mean; R = room (i = 1,2); D = dietary treatment (j = 1,4); B = breed (k = 1,2); D × B is the interaction between D and B; and e = the residual error term. For all parameters, except for carcass, breast, and abdominal fat yield, room effects were significant for at least one time point. However, only for duodenum weight at d 36, room × dietary treatment interaction was significant. For the other parameters, therefore, the above model was used, in which the room × dietary treatment interaction was omitted. Contrasts were calculated for the 130IP (CONTR vs. 130IP), OPT (CONTR vs. OPT), RES (CONTR vs. RES), and protein (130IP vs. OPT) effects and for the breed × contrast interactions. The data from each cage were the experimental unit. Mortality data were analyzed by comparing individual treatments as binomial proportions calculating the same contrasts as mentioned above. Effects were considered significant for P < 0.05. The 11th edition of Genstat for Windows (Payne et al., 2008) was used to analyze all data.
RESULTS
Performance
Feed intake from d 0 to 6 of the 130IP birds was lower (P < 0.05) than of the CONTR birds (Table 6 ). Feed intake from d 0 to 3 of the OPT birds was lower (P < 0.01) than of the CONTR birds. From d 6 to 14, feed intake of the OPT birds was higher (P < 0.001) than that of the CONTR birds. From d 6 to 14, breed × contrast interactions for feed intake were significant (P < 0.05) for the CONTR versus 130IP birds and for CONTR versus OPT birds. These contrasts were due to a more marked increase in feed intake due to the 130IP and OPT treatments in Ross broilers compared with Cobb broilers. Feed intake of the 130IP and OPT birds was higher (P < 0.001) from d 14 to 21 compared with CONTR birds. On average, feed intake of RES birds from d 3 to 14 was 16% lower (P < 0.001) than feed intake of CONTR birds. Feed intake of RES birds from d 14 to 21 was lower (−10%, P < 0.001) than of CONTR birds. From d 21 to 36, feed intake was similar for all treatments.
Body weight gain from d 3 to 14 was higher (P < 0.001) for the 130IP (+13%) and the OPT birds (+10%) than for the CONTR birds (Table 7) . From d 9 to 14, BW gain was lower (P < 0.05) for the OPT birds (−5%) compared with the 130IP birds but was still higher (P < 0.001) for the OPT birds (+7%) compared with the CONTR birds. The RES treatment reduced (P < 0.001) BW gain (−16%) from d 3 to 14 compared with the CONTR treatment. Body weight gain was similar for all treatments from 14 to 36 d of age.
Body weight gain relative to metabolic BW from d 3 to 9 was higher (P < 0.05) for the 130IP birds (+7%) and higher (P < 0.05) for the OPT birds (+9%) than for the CONTR birds (Figure 1 ). From d 30 to 36, relative BW gain for the 130IP birds (−7%) was lower (P < 0.05) than for the CONTR birds. The RES treatment reduced (−9%, P < 0.001) relative BW gain from d 3 to 14 compared with the CONTR treatment. Relative BW gain was higher (P < 0.05) from d 14 to 21 (+4%) and higher (P < 0.05) from d 21 to 30 (+8%) for the RES birds than for the CONTR birds.
Gain:feed ratio from d 0 to 14 was higher (P < 0.001) for the 130IP birds compared with the CONTR birds (Table 8) . Gain:feed ratio from d 0 to 9 was higher (P < 0.05) for the OPT birds compared with the CONTR birds. From d 0 to 3 and from d 6 to 14, G:F was higher (P < 0.05) for the 130IP birds compared with the OPT birds. Gain: feed ratio from d 14 to 21 was lower (P < 0.05) for the 130IP birds than for CONTR birds and was higher (P < 0.001) for the RES birds compared with the CONTR birds.
Breast weight relative to carcass weight was lower (P < 0.001) and abdominal fat yield relative to carcass weight was higher (P < 0.01) at d 37 for RES birds compared with CONTR birds (Table 9) .
Small Intestines
Relative duodenum weight (Table 10 ) was higher (P < 0.05) for the 130IP birds compared with the CON-TR birds at d 6 (+11%) and at d 9 (+15%). Relative duodenum weight at d 6 (+11%) and relative jejunum weights at d 6 (+11%) and at d 9 (+9%) of the OPT birds were higher (P < 0.05) than those of the CONTR birds. At d 9, the relative duodenum weight was higher (P < 0.05) in the 130IP birds than in the OPT birds. The relative duodenum weight for RES birds at d 6 (−24%) was lower (P < 0.001) than for CONTR birds. The relative jejunum weight at d 6 (−18%) and d 14 (−17%) was lower (P < 0.001) for RES birds than for CONTR birds and tended (P = 0.076) to be lower at d 9 (−6%). The relative ileum weight at d 6 (−23%), d 9 (−8%), and d 14 (−17%) was lower (P < 0.05) for RES birds than for CONTR birds. Relative small intestine weights at d 36 were similar for all treatments.
Mortality and Heart Weight
For RES birds, the relative heart weight (Table 11) was lower (P < 0.05) than for the CONTR birds at d 6 (−12%), d 9 (−11%), and d 14 (−8%). Mortality due to leg problems was lower (P < 0.01) for RES Ross and Cobb broilers compared with CONTR birds (Table 12) . Mortality due to leg problems was lower (P < 0.05) for 130IP and OPT Ross birds compared with Ross CON-TR birds and was not different from CONTR birds for Cobb.
DISCUSSION
Performance
In the current experiment, higher dietary protein levels (130IP and OPT) initially decreased feed intake. This is in line with the general opinion that high dietary protein suppresses feed intake (Portier, 2004) . However, after 6 d on a high-protein diet, feed intake equaled (Cobb broilers) or exceeded (Ross broilers) feed intake of CONTR birds. This higher feed intake with highprotein diets is probably related with the higher BW of birds on a high-protein diet because when expressed as percentage of the BW, the feed intake of the birds on a high-protein diet remains lower than that of the CONTR birds (data not given). When the birds (130IP and OPT) at d 14 were switched to the same diet as the CONTR treatment, the feed intake clearly exceeded the feed intake of the CONTR birds. However, when expressed again relative to BW, feed intake after d 14 was similar to that of CONTR birds (data not given). For d 3 to 6 and d 6 to 9, the results of 1 pen of the Ross 130IP treatment were excluded from the calculations. The residual variance of this pen was higher than 4 times SE, most probably due to an inaccurate weighing of the birds of that pen at d 6.
The increased dietary AA levels (130IP and OPT treatments) in the starter diet improved BW gain during the starter period. These differences in BW gain remained significant until 30 d of age. This effect on BW gain in the starter phase agrees with results of Morris and Abebe (1990) and of Wijtten et al. (2004) . In the current experiment, between d 3 and 6, relative BW gain of the 130IP (+12%) and OPT (+13%) birds was higher than that of the CONTR birds (Figure 1 ). The stimulation of BW gain due to high dietary protein in this phase may have been crucial in stimulation of feed intake and BW gain in subsequent phases. Between d 9 and 14, BW gain of the OPT birds was significantly lower (−5%) than that of the 130IP birds. This indicates that dietary AA requirements for maximal BW gain in this phase are probably higher than those calculated for our OPT diets. Thus, dietary AA levels should remain at a high level for a longer period, as was done with the 130IP treatment. The RES treatment reduced BW gain during the restriction phase, as was expected. After the restriction phase, this BW difference became gradually smaller with age until the end of the experiment. This was not yet completely compensated at d 36. For the Ross broilers, this is in line with our previous experiments (Wijtten et al., 2008) . For the Cobb broilers, however, this was in contrast with our previous experiments, in which Cobb broilers did fully compensate their BW at 37 d of age. The lower breast yield and higher abdominal fat yield due to feed restriction were also observed in our previous experiment with the same restriction program. Thus, with this restriction program in young broilers, final weights can be similar to CONTR birds. However, carcass quality is consistently compromised. In our previous experiment (Wijtten et al., 2008) , the abdominal fat yield was similar to the CONTR treatment when a more severe restriction program or an abrupt change from restriction to ad libitum feeding was applied. Plavnik and Hurwitz (1989) showed that with a severe restriction program, abdominal fat yield was lower in RES-fed birds compared with CONTR birds. The differences in effect of feed restriction on abdominal fat yield among studies may relate to differences in the restriction programs and changes in broiler genetics over time.
Small Intestines
In the present experiment, increased dietary AA levels (130IP and OPT treatments) in the starter diet increased duodenum weights at d 6 and 9. Jejunum weights were only increased with the OPT treatment at d 6 and 9. The ileum weights were not affected by the 130IP and OPT treatments. Thus, effects were most pronounced in the duodenum, decreased in the jejunum, and nearly disappeared in the ileum. It has been shown in pigs that the proximal small intestine is more dependent on luminal nutrient supply for intestinal protein synthesis than the distal small intestine (Stoll et al., 2000) . This may explain why the effect of dietary protein on small intestinal weight in the current study was more pronounced in the duodenum than in the jejunum and ileum. Moreover, this indicates that the luminal supply of AA is important for duodenum weight. For d 3 to 6 and d 6 to 9, the results of 1 pen of the Ross 130IP treatment were excluded from the calculations. The residual variance of this pen was higher than 4 times SE, most probably due to an inaccurate weighing of the birds of that pen at d 6. Batal and Parsons (2002a) investigated the intestinal weight of broilers either fed a corn-soybean meal-based diet with 23% CP or a crystalline AA-based diet with 14% CP. In line with our study, they showed that relative weight of the jejunum and ileum at 7 d of age was higher when fed the 23% CP diet compared with the 14% CP diet. At 21 d of age, Batal and Parsons (2002a) found no effect of the different diets on ileum weight and they found a lower jejunum weight for the 23% CP diet compared with the 14% CP diet. Lemme et al. (2007) found that the relative weight of the entire small intestine was increased at 7 d of age with high dietary IP levels, but this effect had disappeared at 14 d of age. Finally, Swatson et al. (2002) found no consistent effects of different dietary protein levels (20 to 40% with balanced or unbalanced AA fed from 10 to 24 d of age) on relative small intestine weight. In our experiment and in those of Batal and Parsons (2002a) and Lemme et al. (2007) , the most pronounced effects were found between 6 and 9 d of age and hardly any effects were seen in birds of 14 d and older. This indicates that suboptimal protein nutrition will suppress small intestinal weight in birds between 6 and 9 d of age but may not affect small intestinal weight in birds of 2 wk and older. In the present experiment, weights of the different small intestinal segments were similar for the 130IP and the OPT treatments at most days. This means that a daily optimization of the AA level and profile in the starter diet does not further increase small intestinal weight compared with a treatment with a constantly high dietary IP level (130IP). To the contrary, duodenum weight at d 9 was lower for the OPT birds than for the 130IP birds, which is probably related to the nonoptimal dietary AA levels at that day in the OPT diets. Feed intake restriction reduced the duodenum, jejunum, and ileum weight at d 6 in the present experiment. At d 9 and 14, feed intake restriction reduced jejunum and ileum weights. In line with this, Palo et al. (1995) also reported a decrease of the relative duodenum weight and jejunum weight at the end of a 7-d feed restriction period. In contrast to this, others reported no difference in relative small intestine weights due to feed restriction or an increase in relative small intestine weights due to feed restriction (Swatson et al., 2002; Susbilla et al., 2003) . The above shows that feed intake restriction gives differential effects on relative small intestine weights. These discrepancies are most probably related to differences in the severity of the restriction between studies. Moreover, there were differ- ences among studies in the time between the last meal and dissection in RES birds and in fed birds. These differences make it difficult to draw firm conclusions regarding the relation between feed intake restriction and small intestinal weight. The small intestine is an important organ for the digestion and absorption of nutrients. Therefore, an adequate development of this organ is essential for digestion and absorption. In this respect, a study of Maisonnier et al. (2001) with broilers showed that the weight:length ratio of the duodenum of individual birds was positively related with the digestibility percentage of nutrients. To a lesser extent, this relation was also found for duodenum weight relative to BW. For the jejunum and ileum, the relation between weight:length ratio and nutrient digestion was less pronounced or did not exist in the experiment of Maisonnier et al. (2001) . To the contrary, the addition of enzymes or antibiotics to the diet, which have been shown to improve BW gain and feed efficiency, are often reported to reduce the length and weight of the small intestines (Visek, 1978; Wu et al., 2004) . Marquardt (1997) hypothesized that a reduced intestine size after enzyme supplementation is related to a more efficient nutrient digestion, which reduces the need for an enlarged intestine. On the other hand, a thinner intestinal wall due to a lower bacterial challenge after antibiotic feeding is hypothesized to be one of the mechanisms that improves feed efficiency due to antibiotics (Visek, 1978) . Thus, an increased intestinal weight can be related to an improved as well as a deteriorated animal performance. The above indicates that when an improved performance is associated with an increased intestinal size, this may be related to an enhanced digestive and absorptive capacity. Moreover, when a deteriorated performance is associated with an increased intestinal size, this may be related with an enhanced defense mechanism (e.g., immunity and physical barrier function) of the intestines. This may occur as a result of a bacterial challenge. In the present study, the increased duodenum weights, due to enhanced dietary AA levels, coincided with an improved BW gain. Moreover, Maisonnier et al. (2001) showed that the weight:length ratio of the duodenum, and to a lesser extent the relative duodenum weight, was positively related with digestion. Based on this, we hypothesize that the increased duodenum weight may have been important in facilitating the increased BW gain with the enhanced AA treatments in the present experiment. However, this remains speculative and the mechanism should be revealed in further studies.
Mortality
Feed restriction reduced the incidence of ascites numerically and reduced the incidence of leg problems significantly in the present experiment. This is in line with findings from Robinson et al. (1992) and Demir et al. (2004) . The relative heart weight of the restriction treatment, in the present experiment, was lower on d 6, 9, and 14 than the weights of the heart of the CONTR treatment. In literature, a lower right heart ventricle weight has been associated with a low susceptibility for ascites (Scheele et al., 2003) . It is well known that feed restriction can reduce the incidence of ascites (Balog, 2003) . Thus, the positive effect of feed restriction on mortality may be related to a lower oxygen demand as a consequence of a lower metabolic rate of the birds during the first weeks of life. However, the 130IP treatment in the present experiment increased relative BW gain during the first 2 wk of life, which coincided with a lower mortality due to leg problems in Ross broilers. The absence of increased mortality in these faster growing 130IP birds weakens the direct relation between early life BW gain and mortality in later life. This contributes to the idea that the effect of early life feed restriction on early life organ development may also be a factor that is critical for ascites and leg problems. In the current experiment, feed intake restriction decreased small intestinal weight and the 130IP and OPT treatments increased small intestinal weights. Feed intake restriction reduced mortality due to leg problems in Ross and Cobb broilers. Extra dietary protein decreased mortality due to leg problems in Ross broilers and exhibited no effect in Cobb broilers. Thus, small intestine weights and leg problems are not consistently related between treatments and breeds in the present experiment. This indicates that weight development of the small intestines is not related to leg problems. The effect of feed intake restriction on leg problems is consistently shown in literature and in the present experiment. However, evidence for the positive effect of enhanced protein levels in the starter diet on leg problems in the present experiment is only observed in Ross broilers and not in Cobb broilers and should be repeated to be convincing.
Conclusions and Implication
Feed intake restriction reduces mortality due to leg problems in Ross and Cobb broilers and extra dietary protein decreases mortality due to leg problems in Ross broilers but not in Cobb broilers. The present experiment does not show that small intestinal weight development is related to mortality. Enhanced dietary AA levels increase duodenum weight in birds between 6 and 9 d of age and hardly affect small intestinal weight in 14-d-old or older birds. The increased duodenum weights coincide with an improved BW gain. This indicates that duodenum weight may be important in facilitating BW gain in young broilers. Thus, it may be worthwhile to pay more attention to the relation between nutrition and duodenum weight and duodenum function in further studies. The daily optimization of the AA level and profile in the starter diet (OPT) does not further increase BW gain or duodenum weight compared with a treatment with a constant high dietary IP level (130IP). 
